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® A method is described for capturing ecologically 
harmful substances, both of organic and inorganic 
nature, by absorbing these - substances on a zeolite 
or on a swellable. layered clay which has been 
modified with hydroxyaluminium to form an alumin- 
ium-rich zeolite or a pillared clay containing pillars of 
aluminium hydroxide complexes, said aluminium-rich 
zeolite or aluminium-pillared catlonic or anionic clay 
having been treated, prior to the absorption, with a 
salt of an inorganic acid, preferably with a phos- 
phate. If the treatment is carried out with a salt of a 
rare earth element, superpillars are formed in the 
^ clay, as a result of which a clay having a great 
^ absorbency in addition to a large rate of flow is 
^ obtained. By treating the pillared clay with a quater- 
^ nary ammonium compound, a doubly modified clay 
CO 'S formed which is exceedingly suitable for treating 
^ material which has been polluted with a combination 
^ of organic and inorganic ecologically harmful sub- 
CO stances, and in particular polluted with heavy metals. 
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The invention relates to a method for capturing 
ecologically harnnful organic and inorganic sub- 
stances from a material polluted with such sub- 
stances, by absorbing said substances on a zeolite 
or on a swellable, layered clay, which are modified 
with hydroxyaluminrum to form an aluminium-rich 
zeolite or a pillared clay having pillars of aluminium 
hydroxide complexes. 

Such a method is disclosed by US 4.740.488. 
It should be noted, however, that the aluminium- 
pillared clay formed in this known method, in par- 
ticular aluminium-pillared cationic clay, is used as 
an absorbent to remove only traces of organic 
pollutants from industrial effluents. 

A method has now been found, by virtue of 
which such an aluminium-rich zeolite or an alumin- 
ium-pillared cationic or anionic clay is suitable for 
absorption of organic and inorganic compounds, 
and in particular for heavy metals such as chro- 
mium, nickel, copper, zinc, silver, cadmium, mer- 
cury and lead. 

The method according to the invention is 
characterised in that, prior to the absorption of the 
organic and inorganic substances, the aluminium- 
rich zeolite or the aluminium -pillared, cationic or 
anionic clay is treated with a salt of an inorganic 
acid. This treatment can be carried out in a simple 
manner, specifically by flushing tiie aluminium-rich 
zeolite or the aluminium-pillared clay with an aque- 
ous solution of the desired salt. This results in the 
aluminium of the zeolites or the aluminium of the 
clay structures and the aluminium pillars between 
the clay layers being coated, as it were, wrth a 
layer of ttie acid groups of the sait employed. A 
beneficial side effect of this treatment was ob- 
served in that porous aluminium-rich zeolite, but in 
particular the treated aluminium-pillared clay having 
a large spacing of approximately 10 A between the 
clay (ayers, has many active acid groups, while the 
free pores in the structures remain virtually un- 
changed. As a result, a high rate of flow is possible 
if. for example, heavy metals have to be absorbed 
from an industrial effluent stream. Incidentally, the 
zeolite material treated according to the invention, 
and the processed and modified clay material is 
not restricted to absorbing and fixing materials in 
trace quantities; effluents containing larger amounts 
of pollutants can likewise be treated expediently. 

The salt used of an inorganic acid is preferably 
a sulphate, sulphite, nitrate, nitrite, phosphate, 
phosphite, carbonate, chlorate and/or chloride, it 
was found that if a phosphate was used, it was 
possible to increase the interlannellar spacing be- 
tween the clay layers up to 15-18 A. 

Surprisingly, we have found that a modified 
clay containing aluminium superpillars can be pro- 
duced, if the salt used of the abovementioned type 
IS a salt of a rare earth metal, and in particular a 



cerium salt, preferably cerium phosphate, during 
the modifying pillaring treatment. 

It should be noted that the term superpillars is 
used to designate a layered, pillared clay, both 
5 cationic and anionic, having a very large layer 
spacing, up to approximately 25 A. It is assumed 
that the superpillars which are responsible for this 
large layer spacing, have been formed by coupling 
of aluminium complexes under influence of cerium 
10 which in the process may play a part as a com- 
plexing agent. It will be evident that such a material 
will have an even greater rate of flow, together with 
a great absorbency or binding capacity, especially 
with the salt coating mentioned hereinabove. As a 
76 result, it is possible to capture the inorganic pollu- 
tants present in a medium, very rapidly and com- 
pletely, over a period of from a few minutes to a 
few hours, from the medium by absoft)ing and 
fixing them. 

20 According to a very expedient embodiment of 

the method according to the invention, a cationic or 
anionic pillared clay is used which is additionally 
modified with an organic, quaternary ammonium 
compound or an organic carboxylic acid derivative, 
25 respectively. It should be noted that, owing to pillar 
formation between the clay layers being controlled, 
not all the sodium, potassium and/or calcium ions 
or carbonate and/or chloride ions present in the 
layered clay mineral will have disappeared. By then 
30 exchanging said sodium, potassium and/or calcium 
ions or cartwnate and/or chloride ions still present 
for a quaternary ammonium group and carboxylic 
acid derivatives, respectively, the clay matrix at 
those sites changes from hydrophilic to sti-ongly 
35 hydrophobic. The quaternary ammonium com- 
pound used can be an aikyi ammonium compound 
or an alkyl-phenyl ammonium compound, in par- 
ticular dimethyldidodecylammonium chloride or 
trimethylphenylammonium chloride, it being possi- 
40 ble to increase the clay layer spacing to 26 A in 
the process. The carboxylic acid derivative em- 
ployed can be an oxalate, malonate, succinate, 
adipate or a sebacate group, it being possible to 
increase the clay layer spacing to 20 A in the 
<5 process. Of course, the invention is not limited to 
these compounds: possible aiternatives which can 
be used include phenyldimethyldodecylamine com- 
pound or hexadecyltrimethylammonium bromide, 
respectively, or even an organic phosphate or nitro 
so compound. 

The tocally strongly hydrophobic character of 
the pillared clay makes It possible to absorb effec- 
tively organic compounds, in particular aromatic 
compounds such as benzene, phenol, chlorophenyl 
55 compounds, chloronaphthalene, PCBs. dioxins, 
dit>enzofurans and the like. 

it was found, surprisingly, that even the targe 
absorbed organic compounds could effectively no 
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longer be leached; this is probably due to the 
presence of the (aiuminiunn) pillars which have an 
inhibiting effect on the potential nnobility of large 
organic molecules which are bound weakly to the 
untreated clay nnatrix. 

The previously pillared clay nnodified with a 
quaternary ammonium compound or carboxylic 
acid derivative, respectively, is suitable, as de- 
scribed hereinabove, owing to its double modifica- 
tion, for capturing by absorption a combination of 
chemical compounds of an organic and inorganic 
nature. Such a combination of pollutants is encoun- 
tered, for example, in a waste tip or dredged mud. 
Hitherto it has only been possible to render such a 
material harmless by a combination of different 
absorbing materials. The invention overcomes this 
problem by employing specifically prepared, dou- 
bly modified clay material, coated, if necessary, 
with salt. 

Preference is given to the use, as a swellable, 
layered clay, of a cationic clay such as a smectite, 
or as an anionic clay, of hydrotalcite. The smectite 
clay used, in particular, is a montmorillonite. hec- 
torite, beidellite, bentonite or saponite. The 
hydrotalcite clay used is pyroaurite, igelstromite, 
meixnerite, hydrocalumite or hydrotalcite. Surpris- 
ingly, it was found, when such clay materials which 
according to the invention had been doubly modi- 
fied were used that coupling of the clay layers 
occurs in such a way that a terminal end of a part 
of a layered clay material is joined, by Van der 
Waals forces, to the outermost layer of another 
particle of clay mineral etc. Thus cross-linking 
takes place, as it were, of the clay materiai present, 
mesopores being formed in the process. Said cou- 
pling of the particles of clay minerai has the result, 
on the one hand, that the compour>ds absort^ed 
between the layers of the clay mineral are kx:ked 
in. as a result of which desorption thereof is con- 
siderably impeded, while, on the other hand, 
mesopores are formed which form additional sites 
for the absorption or occlusion of material. 

The invention further relates to an aluminium- 
pillared, layered, cationic or anionic clay material 
which has been modified with a quaternary ammo- 
nium compound or cartX5xylic acid derivative and 
has been treated with a rare earth metai salt, in 
particular cerium phosphate, and is suitable for use 
in the method according to the invention. 

It should be noted that the clay doubly modi- 
fied according to the invention may be used, inter 
alia, in isolating and sealing techniques and in the 
case of immobilisation. In isolation and sealing 
techniques, a source of pollution in the soil or a 
waste tip are separated from the environment us- 
ing, respectively, vertical and/or horizontal walls. 
Such walls may consist of clay or a sand-clay 
mixture. By incorporating in the material of the 



partition wall a clay doubly modified according to 
the invention, the clay wall will completely intercept 
the pollutants present and thus prevent the transfer 
of the substance into the environment. In the case 

6 of immobilisation, the modified clay material, on 
which the organic and inorganic material has been 
absorbed, is also mixed with an inorganic hydraulic 
binder and is set. possibly with the addition of 
water. The binder used in the process is usually 

10 Portland cement, fly ash. limestone and/or granulat- 
ed blast furnace slags. Such techniques are al- 
ready known per se. incidentally. 

The invention will be explained in more detail 
with reference to a few specific embodiments. 

IS 

EXAMPLE I 

A quantity of sodium calcium montmorillonite in 
the fomn of hectorite was dispersed in distilled 

20 water by means of stirring for 5 hours, using a 
magnetic stirrer. The expanded clay thus obtained 
was then brought into contact with an hydrox- 
yaluminium solution to fonm an aluminium-pillared 
clay, an amount of pillar-forming solution required 

25 to achieve an aluminium/montmorillonrte ratio of 20 
mmol/g of montmorillonite being added to the vi- 
gorously stirred dispersion. The product thus ob- 
tained was left to stand for 1 hour. It was then 
centrifuged, washed by redispersing in distilled wa- 

30 ter and again centrifuged. This procedure was re- 
peated a few more times. 

The aluminium-pillared clay obtained was then 
flushed with a solution of cerium phosphate and 
centrifuged. 

35 X-ray diffraction analysis of the pillared clay 

thus obtained showed that the interiamellar spacing 
between the clay layers was 19 A. 

It should be noted, for comparison, that the 
interiamellar spacing of the untreated sodium cal- 

40 cium hectorite is approximately 10 A. 

Hectorite clay. modified as specified 
hereinabove, was tfien tested with a solution of 
cadmium, lead, copper and zinc salts. These salts 
were completely absortjod in the pillared hectorite 

4S clay in approximately 30 minutes and could then 
no longer be detected in the treated solution. 

EXAMPLE II 

50 The starting material was an aluminium-pillared 

hectorite clay treated with cerium phosphate, as 
prepared according to example I. 

The clay thus modified was then treated with 
trimethylphenylammonium chloride, alkylam- 
55 monium groups being exchanged for the sodium 
and calcium ions still present in the clay matrix. 

After the exchange, the doubly modified clay 
was thoroughly washed with water and freeze- 



3 



EP 0 626 346 A1 



dried. 

The hectorite clay obtained was then treated 
with a solution which, in addition to chromium and 
mercury compounds, also contained phenol. Both 
the heavy metals and the phenol were completely 
absorbed and could no longer be detected in the 
treated solution. 

If modification with the aikylammonium com- 
pound was omitted, phenol was Indeed absorbed, 
probably by being locked up in mesopores formed, 
but to a much lesser extent than when the clay 
matrix modified with aikylammonium compound 
was used. 

It should be noted that a clay matrix doubly 
modified according to the invention can be used as 
such in the purificatfon of industrial waste water 
which contains a combination of pollutants, but 
also, for example, in a clay wall to segregate a 
particular area and thus prevent further pollution of 
the environment If desired, the doubly modified 
clay containing pollutants thus obtained can be 
incorporated in a cement matrix, in a conventional 
manner. It will be evident that the absort>ed com- 
pounds could no longer be extracted from the set 
product thus obtained. 
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used is an alkyl ammonium compound or an 
alkyl-phenyl ammonium compound, in particu- 
lar dimethyldidodecylammonium chloride or 
trimethyiphenylammonium chloride. 

Method according to one or more of the claims 
1 to 5. characterised In that the $wellable. 
layered day used is a smectite clay. 

Method according to claim 6. characterised 
In that the smectite clay used is a montmoril- 
lonile, hectorite. beidellite. bentonite or sapo- 
nite. 

Aluminium-pillared, layered, cationic or anionic 
clay material which has been modified with a 
quaternary ammonium compound and has 
been treated with a rare earth metal saJt, in 
particular cerium phosphate, suitable for use in 
the method according to one or more of the 
claims 1 to 7. 



Claims 



1. Method for capturing ecologically harmful or- 
ganic and inorganic substances from a material 
polluted wKh such substances, by absorbing 
said substances on a zeolite or on a swellable, 
layered clay, which zeolite or clay are modified 
with hydroxyaluminium to form an aluminium- 
rich zeolite or a pillared clay having pillars of 
aluminium hydroxide complexes, characteris- 
ed In that, prior to the absorption of the or- 
ganic and inorganic sutjstances, the alumin- 
ium-rich zeolite or a pillared, cationic or anionic 
clay is treated with a salt of an inorganic acid. 
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Method according to claim 1. characterised 
In that the salt used of an inorganic acid is a 
sulphate, sulphite, nitrate, nitrite, phosphate, 
phosphite, cartxjnate, chlorate and/or chloride, 
in particular a phosphate. 
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3. Method according to claim 1. characterised 
In that the salt used is a salt of a rare earth 
metal, in particular a cerium salt. 
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4. Method according to one or more of the claims 
1 to 3. characterised In that a pillared clay is 
used which is further modified with a quater- 
nary ammonium compound. 55 

5. Method according to claim 4, characterised 
In that the quaternary ammonium compound 
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